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SYNOPSIS 
Defective welds in 3/4 in. HY-80 steel and the fatigue behavior of 
such welds have been investigated. Included were lack of penetration, porosity, 
and slag inclusions; the major types of internal weld flaws which are likely 
to occur under field conditions. Methods of consistently producing these 
weld flaws were developed which made possible the prediction of the size and. 
location of the flaws. 
Various means of non-destructive testing, including visual, magnetic 
particle, dye penetrant, and radiographic inspection, were used to investigate 
the defective weldments. In addition, a method of measuring the size and the 
depth of the flaws in the welds was developed. 
Axial fatigue tests on plain vlate specimens and transverse butt-
welded specimens have been conducted to investigate the effects of surface 
condition and the presence of defective welds on the behavior of such 
members. The results of the tests have indicated that the flaws can have a 
marked effect on the fatigue resistance of the memberse 
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10 INTRODUCTION 
1.1 Purpose of the Program 
Flaws in welded connections) when they occur, may be of several types 
and can be expected to affect the behavior of the connections. Although there 
is some information available concerning the effect of weld flaws on the fatigue 
behavior of welded connections in mild, steels J there has been little or no 
information of this type available for welded connections in KY'-80 steel. 
Consequently one of the primary objectives of the study reported, herein was to 
conduct a preliminary investigation of the effect of weld flaws on the fatigue 
behavior of welded connections in HY-80 steele 
Closely related to the problem of the effect of weld flaws on fatigue 
behavior is the problem of determ.ining the causes of such flaws. Knowledge of 
the cause of a particular type of weld flaw may m.ake it possible for one to 
eliminate such a flaw, or at I"east control i ts severity 0 Information concerning 
the relative influence of the various causes of weld flaws and of such factors 
as the welding specifications J effects of welding equipment, and the effect of 
welding techniques will help to provid.e a better understanding of the causes of 
defective weldrnents.. The second objective of this study ·was to condu.ct a 
preliminary investigation of some of the causes of weld flaws in HY-80 steel. 
1.2 Scope of Investigation 
1nitial1y, a variety of improper techniques and welding conditions was 
used to investigate and evaluate the possibility of producing weld flaws. This 
included equipment improperly used, incorrect or poor welding procedures a..l1d 
techniq:Ll.es J and impurities in the welds. In some instances negative resul.ts 
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or a minimum number of flaws were obtained but in most cases the methods were 
found to be rather effective in producing defective weldments. 
Several non-destructive inspection methods J such as visual,? magnetic 
particle, dye penetrant, and radiography, were used to evaluate the magnitude 
of the weld flaws. In addition, these inspection methods were used to obtain 
a measurement of such geometri,c properties of the welds as their size f! shape 
and depth below the surface of the weldmento Such information is essential for 
an effective evaluation of the flaws. 
Next, transverse butt welded specimens containing intentional weld 
flaws were fatigue tested under axial loading. Twelve defective transverse 
butt welded specimens J each containing pOTosi ty,? slag inclusions J or lack of 
penetration, were tested and their lives compared with the lives of sound 
control specimens. 
1.3 Review of HY-BO Fatigue Studies 
if, 
Test results reported in Refo 1. indicate that the fatigue resistance 
of sound welded joints in high strength steels (of the BY-BO type) is considerably 
higher than that of welded joints in medium carbon or low alloy steels at short 
Ii ves. However,9 at very long lives there appears to be little difference in the 
fatigue resistance of the various steels. Thus at the longer lives the high 
strength steels are more fatigue notch sensitive than the lower strength steels 
and can be expected to be highly susceptible to internal and external 
discontinuities. Metallurgical stUdies have indicated that the effects of 
geometrical discontinuities are much more effective in reducing the fatigue 
strength of the welded members than are the metallurgical factors introduced by 
welding" 
*References are presented in the Bibliography. 
3 
Fatigue tests have been conducted, using various stress cycles (Ref. 2) 
on welded joints of the types described in Ref. 10 The effect of surface 
geometry for specimens with transverse butt 'welds was investigatedo In 
addition, the effect on the fatigue behavior of such variables as interpass 
temperature J lack of penetration,~ longi tud,inal attachments ,9 and electrode type 
was investigated,. Specimens which contained internal weld flaws exhibited a 
large scatter in lives.~ thus indicating a need for more testingo Finally) 
Modified Goodman diagrams for the follo111'ing weldments have been developed~ plain 
plate, transverse butt welds with reinforcement either on or off, longitudinal 
butt welds, transverse attachments on one side or two sides. 
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II. DESCRIFrION OF TESTING PROGRAM 
2.1 Production of Weld Flaws 
The speci.mens (Fig. 1) used. for the investigation of the causes of 
weld flaws were fabricated. from 3/4 in. BY-80 plateo Two blocks) 3/4 in. x 
4 ino x 5 in., were machined on one edge such that a standard double-V butt 
weld could be made using the same eq,uipment and welding procedure as that used 
for the fatigue specimens. Table 1 summarizes the results of the investigation 
to determine the causes of defective weldmentso 
2.101 Lack of Penetration 
The lack of penetration (Fig. 1) was produced by an incomplete 
penetration of weld metal into the gap between the two edges to be welded'. In 
the test specimens the amount of lack of pen~tration was varied by varying the 
gap and the land of the individual specimens (Fig. 1) 0 The results ~rere quite 
consistent and the area of the flaw could. be predicted within approximately 
10-20%. 
2.102 Porosity 
The methods used to produce porosity in welds (see Table 1 and Fig. 11) 
were~ 
a) A length of coating varying from one=half inch to the full length 
of the electrode was removed. The subsequent 'welding 'wi th this defective 
electrode produced porosity} the amount being proportional to the leng~h of 
coating removed. The location of the weld flaw could be predicte~,from the 
location of the uncoated portion of the electrode. This method consistently 
produced, porosity at any desired lacation,9 and was therefore 1j,sed to produce 
porosity in the fatigue specimens. 
b) Electrodes which were soaked overnight in water also produced a 
large amount of porosity., but the amount and location of the porosity could not 
be controlled with this method. The amount of porosity produced is probably 
dependent upon the water content in the coating, but further investigation is 
necessary before this can be verified. 
c) It was found that placing a layer of iron rust in the weld groove 
prior to welding would produce porosity. More investigation is needed to 
determine the factors governing the amount of porosity produced by this methodo 
d) In a manner similar to IIC", welds were placed over a layer of 
slag from previous welds and a slight amount of porosity was produced. The most 
important result of this method is discussed under tiInclusions It 0 
e) In a manner similar to lic", welds were placed over a thick la.yer 
of grease but only a slight amount of porosity was produced near the beginning 
of the weld. After the initial formation of porosity the grease was burned away 
and the remainder of the weld was not affected ... 
f) A great deal of porosity was produced by welding with an extremely 
long arc. 
2.1.3 Inclusions 
The lack of penetration specimens were similar to those prepared with 
slag inclusions in that the cavity due to the lack of penetration was filled with 
slag. Whether or not the effects of these two types of defects upon the 
properties of the weld are the same is not known. The only reliable means of 
producing slag inclusions (Fig. 9) was a method used by Newman (Ref., 6). The 
weld bead was placed in the usual manner but at intervals a weave was made in 
the bead. The slag was not removed from the depression caused by'the weave. 
The following pass ,was then placed directly over the depression. This technique 
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made it possible to control the size and location of the slag inclusion and 
theref'ore was used to produce the slag inclusions in the fatigue specimens 0 
2010 4 Cracking 
Although the laboratory welds in HY=80 made with MIL=11018 electrodes 
did not develop cracks,~ several possible methods of producing cracks were 
investigatedo One specimen was quenched in water at room temperature 
immediately after completing each weld pass,? but no cracks formed,o 'rhe next 
specimen was quenched after being welded continuously 'without cooling to the 
proper i.nterpass temperature
vQ but again no cracks formed 0 Another specimen 
was quenched immediately following the placement of the root pass arld again no 
cracks formed . ., Finally,,) restraint was applied to opposite ends of 8~ 
which was initially cooled. to =50 Fo After being weld.ed. the specimen was 
immediately re~cooled to =50 Fo In this case a crack formed in the root pass 
and propagated through each succeeding pass to the surface 0 Therefore ,9 only 
with conditions of low temperatures ar.1,(l high restraint were weld cracks formed 0 
202 Non-Destructive Testing 
Each of the specimens of series ZA-ZV (Table was non= 
destructively to determine th.e geometri.c. properties of the weld flaws 0 The 
four means of inspection which were used were visual,9 magnetic partiele p dye 
penetrant, and radiography; each will be discussed in the following paragraphso 
Visual inspection (at th.e edge,~ not the surf'ace of' the ",;eld,) revealed 
the pre sence of a lack of penetration when it e:xteno.ed t:b.xoughout the length of 
the weld and then only indieated the condition of the flaws at the edges 0 In 
some cases of extreme porosltYJ bubbles could be seen on the surface of a weld 
but!J in general.? a visu.al inspection yielded no information eoncerning slag 
inclusions or porosityo Cracking p where presenty could be seen visuallyo 
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In no case did the magnetic particle inspection method of non= 
destructive testing yield any information concerning the geometric properties 
of the weld flaws, with the exception of cracking 0 Cracks were located by 
Magnafluxing but since these cracks could also be seen visually" the 
Magnafluxing yielded no additional information 0 Results of the dye penetrant 
inspection were identical to those of the magnetic particle inspectiono 
An X-ray machine (radiographs with a sensitivity of two per cent) was 
used to determine whether or not defects existed and,? if so J the geometric 
properties of the d,efects 0 TvlO methods of X=ray investigation.? a i1stereographic 
~t 
method ll and a "penetrometer method il •9 were used to determine these properties. 
The results of this investigati.on are given in Tables 2 aDd 30 
The "stereographic method" was established to measure both the 
thickness Qf the weld flaw and. the depth of the flaw below the surface of the 
weldo The specimen to be radiographed was placed in a jig which all.owed 
rotation about an axis approxi.mately collinear 'wi th the transverse axis of the 
weldo A fine lead wire 'was taped across the surface of the 'weld in order to 
establish an arbi.trary reference li,ne on the radiograph 0 Radiographs were 
taken at three angles; normal to the surface a.Dd, at plus and minus f'orty=five 
degrees (see Fig. 2)0 If a flaw existedJ its location and size were determined 
both graphically as shown in Fig. 3 and trigonometrically 0 Although such factors 
as the dispersion of the X-rays:; the shape of the flaitJ:; and the lack of 
definition of the image on the radiograph were neglected, it is believed that 
the average error in the depth of the flaw below the surface was less than 
1/64 ino and the average error in thickness of the defect was less than 3/64 in" 
as shown in Table 4Q 
*It has been noted that a similar method has been used in Japan and is 
described in Refo 160 
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The second, method 9 called the iDpenetrometer method~) 9 could only . . 
be used to determine the thickness and shape i.n plan of the weld flaw with 
an accuracy less than that of the !!stereographic method c In one type of 
~ipenetrometer~2j holes varying in dIameter from 1/16 ina to 1/4 inc and varying 
in depth from 1/16 ina to 11/16 inc were drilled in a :5/4 inc x 8 in" x 6 in" 
block" The other type of "penetrometer ~il used was a wedge shaped block.9 
6 in. x 8 in.:; varying in thickness from 3/4 i.no to zeroo The thickness was 
varied continuously in one U7penetrometer~1 and in steps of' 1/32 ino i~n the other" 
Rad.iographs were taken of each of these specimens"9 thereby establishing 
standards for the d.arkness of a certain thickness of metal" The radiograph 
of a weld containing a flaw was compared, with the standard an,d by subtracting 
the thickness of the metal at the flaw from the thick.ness of the speclmen a. 
measure of the thickness of the defect was obtained" :rhis method was considered 
to be accurate to within approximately 1/16 i.n" but yielded no i.nformation 
concerning the depth of the fla'w 'below" the surface" 
203 Descri'Etion of Fatigue Specimens 
The material used in the test speci.mens 'was 3/4 in" thick H'1=80 steelo 
The 3/16 in" and 5/32 ino MIL=11018 electrodes which were used in welding were 
o n 
conditioned by baking at 800 . F for one hour and. then stored. in an oven at 200 ~ 
to 3000 F until the time of usee 
The specimens were flame cut from blanks,q 9 ino x 48 inc x :3/4 inc 
ancl holes for mounting the specimen were drilled at the ends 0 Pri.or to the 
preparation of the welded specimens the operator and~ the 'W'elding procedure 
were QualifiEd in accorda.nce 'with sta..'Yldard practice (Refso 14 and 15) 0 The 
blanks were saw cut and, the edges were beveled. for a double-V transverse butt 
weld with a. 600 included angle 0 All mill scale and undesirable material ",as 
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ground off in the area where the weld was to be depositedo The details of the 
welding procedure employed for these members were presented in Figo 40 A six 
inch length of weld 'was deposited a:nd then the profile of the specimen was 
machined to the final dimensions as shov-m in Figo 50 
Two plain plate specimens and four specimens ~wi th sound weld.s. were 
tested. ( in addition to the data avallable in Refs 0 land to establish 
control for the results of the defective specimens 0 Twelve specimens containing 
defective welds 'were testedJ the results of which are compared with the results 
of the control tests to demonstrate the effect of the weld flaws on fatigue 
behavior. 
One plain plate sJ?ecimen was tested, 1rJ1.th the mill scale removed dq and. 
the other was tested in the as~rolled conditione Of the four specimens 
containing sound welds"~ two were tested in the as-welded condition and two were 
tested with the reinforcement removed from both sideso 
In the four specimens having porosity in the 'welds,9 the amount of 
porosi tyc? flaw area relative to the total cross-sectional a,rea J was vaT'ied 
from 504 to 2500 per cent aIld was, placed in the third pass 0 The form of the 
porosity varied from several small individual gas pockets to continuous 
clusters of large and small closely grouped gas pockets 0 In some cases the 
clusters of gas pockets completely surrounded a large void in the weld,Q 
The four specimens with slag inclusi,ons in the welds had f'laws 'which 
varied from 004 to 408 per cent of the total cross~sectional area and were 
placed in the third pass 0 The slag inclusi,ons were single isolated voids 
containing slag from weldingJj and had~ well defined edges bet-ween the flaw and 
the weld material. 
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An automati.c mi.cros'wi>tch was used to stop the fati.gue machi.ne yIhen 
approxi.mately one-half of the cross=secti.onal area of the specimen had been' 
fractured. The automatic microswi.tch did not always stop the machine at the 
correct time and thus the failure cri. teri,on was only approximate 0 However.9 
because of the nature of the program no attempt was made to correct the life 
to that at which one-·half the cross=sect:ional area would have fractured. 
Furthermore ,9 the error in fati.gue life by this procedure would, be extremely 
small. 
Four specimens were welded wi.th lack. of penetration between the root 
passes i.n amounts which vari.ed from 300 to 2201 per cento The edges of the 
flaw were very straight f'or the full length of the flaw and the void produced 
by the lack of penetration was f:illed with slag 0 In prepara;ti.on,9 the width 
of' the land was varied and. thus the area of flaw 'was variedo 
The variation i.n size of flaw relati.ve to the cross·=secti.onal area of 
the specimen for each type of fla"w covered a range wh:Lch vl'as ·than that 
whi.ch would normally be consi.d.ered reasonable 0 The relative a:rea of' weld. fl8,\'; 
was the only test vari.able y other cond:Lti.ons 1le1.d constant 0 The 
properti.es of the flaws in each specimen were checked, by radi.ographing before 
testing. 
204 Descripti.on of Tests 
The testing was conducted in the University of Illi.n.ois s 200JlOOO 
pound lever type axial loading fati.gue machines at a speed of approximately 
180 cycles per minute. The essential features of the fati.gue machines are 
shown schematically i.n Ref" 10 A variable throw eccentric transmits the force 
through a dynam.ometer to a lever in turn~9 transmi.ts the force to the 
upper pull head, at a multipli.c~ati"on ratio of approxi.mately to 10 The 
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force that is exerted on the specimen originates in the double throw eccentric 
which is adjusted to give the desired range of load before the test is started. 
The maximum load is controlled by an adjustable turnbuckle mounted between 
the eccentric and the d.ynamometer~ 
A stress cycle of 0 to +5000 ksi was used i.n all of the testso 
The stress ratio and the range of stress were held constant since the single 
vari,able to be investigated was the area of weld flaw. 
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lIla . ANft~YSIS OF TEST RESULTS 
301 Results of Tests 
A marked variation in life was obtained among the specimens tested09 
ranging from 7,,900 to 80709300 cyctesa Thus} the rati.o of the maximum life of 
the plail1: plate to the mi.nimum life of transverse butt welded joints "\vas 
100 to 62.7. This large range of lives y for a given stress cycle.? indicates 
the great influence of the weld. flaws on the fati.gue life of transverse butt 
welded joi.nts 0 The results of the fatigue tests are given in Tables 5 through 
7 and in Fig 0 8. 
The plain plate specimen with mill scale removed had a life of 
807,300 cycles whereas the average l:ife of the as=rol1ed plain plate speeimen3 
including data from the previous test J was 384"~000 cycles a 
The specimen with a sound weld having the reinforcement removed from. 
two sic1es had a life of 494jl 000 cycles whereas the average life of souncl.9 
as-welded joints '~vas 164 9 000 cycles 0 
The average life of all defective welds was 4:5,9150 cycles and 
varied from 7.~ 900 to Illy 000 eyc1es a The specimens with defective we1d.s 
containing porosity varied in life from 709900 to 74s 300 cycles with an 
average life of 30 y 750 cycles. The specimens with vJeld,s contai,ning slag 
inclusions ranged in life from 15,600 to 82c9300 cycles with an average life 
of 53
0
,025 cycles. The average life of specimens with welds containing lack of 
penetrati,on was 45.?675 cycles and varied from 14,9300 to 000 cycles 0 
302 Location of Initiation of Fracture 
The initiation of the fatigue fractures occurred in the radius of the 
test section in all plain plate specimens and in specimens with sound. weld.s 
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having the reinforcement removed from both sideso The initiation of fracture 
occurred at the edge of the weld in sound.j as-welded specimens; but in all 
cases of defective welds the initiation of fracture occurred in the weld at 
the flaw 0 
The fractures of the plain plate specimens (Figo 13) were typical 
for HY-BO steel and seemed to propagate from points of stress concentration on 
the surface. The fracture of the specimen with a sound weld for which the 
reinforcement had been removed (Figo 12) was similar to that of the plain 
plates; but, in the specimens with sound welds in the as-welded condition 
(Figo 12):; the fracture seemed to propagate from a discontinuity at the edge 
of the weld. The fractures of the defective weld,s (Figs 0 9-11) appeared to 
propagate from the flaws to the surface of the specimen, after which complete 
failure followed almost immediately. There were cleary well defined circles 
surrounding each flaw in the weld indicating that the propagation was radially 
outward from the center of the flaws 0 
The rate of propagation of the fracture was not measured i.nternally 
or e:x.ternally but it was evident that 1.{hen the fracture reached. the surfac.e 
the rate of propagation increased rapid.1y. 
Specimen Z-19, which was intended to be a sound weld,9 had a sli.ght 
porosi ty flaw which was the cause of the low life reported,? 35 per cent of the 
life of Z-20. 
3.3 Discussion of Test Results 
The removal of mill scale from a plain plate specimen approximately 
doubled the fatigue life, whereas removal of the reinforcement from a sound 
welded specimen increased the fatigue life by a factor of about :3 0 However ~9 
removal of the reinforcement from welds which contained flaws probably had. 
little or no effect on their fatigue life 0 
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Life to failure was increased by removing the reinforcement and 
decreased by the presence of a defect; thus the test life was a combination 
of the two effects. It is conceivable that removing the reinforcement from 
a weld containing a flaw could decrease the time of propagation of the 
fracture to the surface and thereby reduce the fatigue li.fe 0 More information 
is necessary to determine whether or not this is true 0 In an as-welded jOi,nt 
it is also possible that a defect could be so small that its effective stress 
concentration would be less than that of the discontinuity at the edge of 
the weld. This would shift the location of initiation of fracture to the edge 
of the weld rather than in the flaw, and perhaps cause a different effect 
on the fatigue life. Here, again, more research is neededo 
Although there is a very limited amount of information" it appears 
(Figs. 6 and 7) that welds containing slag inclusions axe the most detrimental 
and that welds containing a lack of penetration are the least detrimental 
in their effect on fatigue li.fe 0 Figure 7 indi.cates that any type of defect 
can ca.use marked reducti,ons i,n fatigue life even for relatively small amOl.mts 
of fla1v. 
The wel(is containing porosity had the lowest lives,9 but the amount 
of flaw for welds containing porosity and. lack of penetration \17as much larger 
than for welds containing slag inclusions 0 Of the geometrical effects on 
fatigue life) size appears to be the most important. Figures 6 and 7 sho\<J 
the relations among fatigue life, reduction in fatigue life.9 per cent 
reducti.on in area of cross-sectionJ and per cent of area of flaw,; they indicate 
that fatigue life is greatly reduced by the presence of a weld flaw. One 
explanation for this phenomenon might be that a larger flaw decreases the 
di,stance from the flaw to the surface and, thus reduces the time of propagation 
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of the fracture. It is also possible that the net stress on the section, 
increased by the red.uction of the area of cross-section, reduces the fatigue 
life. 
The number of flaws seems to be a variable of minor importance 
because the rate of propagation of fracture from each flaw seems about e~ual. 
However, the number of flaws might be a factor) and should be investigated 
further. 
Location of a flaw could have a very important effect on the 
fatigue life of a weld. The distance of a flaw from the surface is related 
to the time of propagation of the fracture to the surface and is thus also 
related to the fatigue life 0 In addi tion,9 the distance between defects 
COUld. affect the fatigue life since when fractures propagating from two 
flaws i.ntersect J larger single defects are developed. However J this formation 
of a single larger flaw may have no additional effect on the life of the weld" 
There are a number of other variables which could poss;i.bly have an 
effect on the fatigue life of a welded joint; but"q again.~ more research i.s 
needed before they can be establishedo Additional geometrical factors to be 
studied should include the relative sizes of flaws in a weld, the distribution 
,of the flaws throughout the weld,,~ the orientation of the flaws} the shape of 
the flaws and their clusters, and others. The effect of varying such test 
conditions as mean stress y range of stress, and type of members also needs 
further investigation. 
Because testing of all specimens was conducted at a constant stress 
cycle} it was not possible to construct an S-N curve for the specimens 
containing weld flaws 0 Therefore.9 more test data are necessary for the 
calculation of the reduction of fatigue strength due to the presence of weld 
flaws. 
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IV 0 SUMM..A.RY 
4.1 Procedures for Obtaining Defective Welds 
An investigation was conducted to determine the causes of various 
type s of weld flaws 0 Porosity 1-Jas caused weld.ing with electrode s with the 
coating removed' 09 wet electrodesJ! presence of iron rust"~ presence of' slag,9 an.d 
extremely long arcso Slag inclusions were produced. by weld.ing over loose 
slag or slag which had not 'been removed from a previous passo Lack of 
penetration was produced by using an extremely narrow gap between the edges 
to be weldedo Cracking was produced by using a restrained weld at a 
temperature of -, 5° F 0 The methods, of' produ.cing flaws in the welds were of 
such a nature that the size and location of the flaws could be est,imated. 
accurately 0 
40 2 Non-Destructive Testing of Defective Welds, 
Several means of non=d.estructive including vis)J,al,9 magnetic 
particle.9 dye penetrant and, radiographic inspectiony were used." The magnetic 
particle and. d.ye penetrant inspection methods yielded no information about ally 
internal flav,!s but d.id aid. in the location of surface flaws 0 Radiographic 
inspection (stereographie method.) provid.ed. a means of measuring the flaw s~ze"9 
shape and, depth below the surface 0 
40 :3 Fatigu,e Te sting 
Plain plate specimens both as=rolled and -wtth mi.ll scale removedjl 
and specimens with sound transverse butt welds 09 both as =weIde d, and 'with 
reinforcement removed from t1iJ'O sides,;! were used as control specim.ens for the 
17 
fatigue testing of axially load.ed weldments containing weld flawso A stress 
cycle of 0 to +5000 ksi was used throughout the testing programe 
The plain plate specimens had fatigue lives ranging from 34l}000 
to 807,000 cycles; specimens with mill scale removed having the larger valueso 
The fatigue lives of specimens with sound transverse butt welds ranged, from 
127,000 to 494,9000 cycles; specimens with rei,nforcement removed, had longer 
lives than as-welded specimensQ In no case did the fracture of a control 
specimen initiate in the welda 
Specimens containing weld flaws had, fatigue lives ranging from 
7.?900 to 111,000 cycles J probably depending on such flaw properties as size o9 
shape, distribution" locationp type p and numbera The average fatigue life of 
all specimens containing weld flaws was 43.9150 cycles} a reduction in life 
relative to sound welds of approximately 85%0 In all cases the fractures of 
specimens containing weld flaws initiated in the ij\reld at the flaw 0 j.I.~though 
it appears that the most detrimental weld flaw"~ based on the per cent 
reduction of area of cross=sectiony is slag inc,lus:loYl_9 and the least detri-
mental ·is lack of penetration.9 more research is needed before this 
conclusion can be stated defini telyo Present data only establishes 
definitely that weld flaws do have a great effect on the fatigue behavior of 
weldments in HY=80 steel, 
3· 
4. 
5· 
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TABLE 2 
RESULTS OF RADIOGRAPijIC EXAMINATlON OF BUTT WELDED JOINTS 
Specimen 
No. 
z4 
Z5 
z6 
Z7 
z8 
Z9 
ZIO 
Zll 
Z12 
Z13 
z14 
Z15 
z16 
Z17 
z18 
Z19 
Location of Primary 
Fatigue Crack 
in weld 
in weld 
in weld 
in weld 
in weld 
in weld 
in weld 
in weld 
in weld 
in weld 
in weld 
in weld 
edge of weld 
edge of weld 
at radius of test 
section 
in 'YIeld 
Radiograph Results 
lack of penetration 
po;rosity 
slag inclusions 
lack of penetration 
lack of penetration 
lack of penetration 
porosity 
porosity 
porosity 
slag inclusions 
slag inclusions 
slag inclusions 
sound weld 
sound weld. 
sound weld 
sound weld 
,21 
Specimen 
No. 
ZA 
ZB 
ZC 
ZD 
ZE 
ZF 
ZG 
ZH 
Z1 
ZJ 
ZK 
ZL 
ZM 
ZN 
ZO 
ZP 
ZQ 
ZR 
ZS 
ZT 
ZU 
ZV 
TABLE 1 
RESULTS OF INVESTIGATION TO DETERMINE 
CAUSES OF DEFECTIVE WELDMENTS 
Method Being Investigated 
Lack of' penetration 
Removed portion of' electrode 
coating 
Did not remove slag f'rom crevices 
Welded with wet electrode 
Welded over a layer of' iron rust 
Welded over a layer of' loose slag 
Welded over a pool of' oil 
Welded without cooling to interpass 
temp. Then <luenched. 
Used extremely long arc 
Used incorrect polarity on welder 
Wet electrode, pass No. 1 
Wet electrode, pass Noo 1, 2 
Wet electrode, pass No. 1-3 
Wet electrode, pass No. 1-4 
Wet electrode, pass No. 1-,5 
Wet electrode, ~ass Noo 1-6 
Welded without back-chi.pping after 
root pass 
Restrained weld at _50 F(all passes) 
Restrained weld at _50 F(lst pass) 
Restrained weld at _50 F(lst and 
6th ~ass) 
Quench weld af'ter 1st pass 
Quench weld af~er last pass 
Type of' Defect 
Lack of' penetrati.on 
Porosity 
Slag inclusions 
Porosity 
Porosity 
Slag, porosity 
None 
None 
Porosity 
None 
Porosity 
Porosity 
Porosity 
Porosity 
Porosity 
Porosity 
None 
Cracking 
None 
None 
20 
Size of 
Defect 
Large 
Large 
Large 
Large 
Medium 
Small 
Large 
Large 
Large 
Large 
Large 
Large 
Large 
Large 
Large 
Large 
22 
TABLE 3 
DESCRIPTION OF DEFECTIVE WELDS 
Specimen Type of' Defect Location of Defect Relative Size* 
z4 lack of penetration root pass 2007 
Z5 porosity 3rd pass 504 
z6 slag inclusions 3rd pass 408 
Z7 lack of penetration root pass 3·0 
z8 lack of penetration root pass 2201 
Z9 lack of penetration root pass 12.6 
ZIO porosity 3rd pass 12,,2 
Zll porosity 3rd pass 1107 
Z12 porosity 3rd pass 25.0 
Z13 slag inclusions 3rd pass 004 
z14 slag inclusions 3rd pass 202 
Zl5 slag inclusions 3rd pass 403 
* The relative size of defect is given in terms of the percentage of the 
original gross cross-sectional area of the weld. The relative si,ze of 
defect for specimens with porosity was calculated on the basis of the area 
of the porosity cluster. 
TABLE 4 
GRAPHICAL SUMMARY OF THE DETERMINATION OF WELD DEFECTS 
(See Figo 3) 
Specimen t t D D 
c m c m 
Z7 0.06 0.03 0·33 0035 
z8 0.14 0.15 0030 0028 
Z9 0012 0010 0·31 0030 
ZIO 0·39 0.29 0.07 0008 
Zll 0.28 0·30 0 0.05 
Zl2 0·35 0.22 0.09 0011 
Z13 0013 0008 0029 0029 
z14 0.21 0021 0026 0.27 
Z15 0.07 0005 0032 0·32 
t calculated thickness of defect~ ino 
c 
t measured thickness of defect~ in. 
m 
D calculated depth of defectJ in. 
c 
D measured depth of defectJ ino 
m 
TABLE 5 
RESULTS OF FATIGUE TESTS OF PLAIN PLATE SPECIMENS 
(AXIAL TENSION) 
8pecimen(1) stress Life Location Thickness 
No. Cycle (Cycles) of of 
(ksi, ) Failure Material 
Z20 o to +5000 807.9300 At Radius 3/411 
Z21 o to +5000 455,~ 400 At Radius 3/4vi 
Y81 o to +5000 :390"~000 At Radius 3/411 
Y82 o to +5000 350,?000 At Rad.ius 3/411 
Y83 o to +5000 341soOO At Radius 3/411 
( 1) The Y8 Ser1es was previously reported in Reference 10 
Description of Specimen 
Mill Scale Removed 
As Rolled 
As Rolled, 
As Rolled. 
As Rolled 
f\) 
+-" 
TABLE 6 
RESULTS OF FATIGUE TESTS OF SOUND TRANSVERSE BUTT WELDED SPECIMENS 
(AXIAL TENSION) 
Specimen(l) stress ~ Life Location Thickness 
Noo Cycle (Cycles) or of Description of Weld. 
(ksi) Failure Material 
z16 o to +5000 127 ;000 ~ Edge of Weld 3/411 Sou.nd Weld = As Welded 
Z17 o to +50.0 200:;900 Edge of Weld 3/4j~ Sound Weld - As Wel~led 
z18 o to +5000 494"~000 At Radius 3/4irr Sound Weld - Reinforce-
ment Removed 
YS4 o to +3000 790,9 000 Edge of Weld 3/4. BU Sound Weld. = As Welded 
Y85 o to +3000 1.? 248 ,9000 Edge of Weld 3/4ifl Sound Weld = As Welded 
YS6 o to +3000 659 J OOO Edge of Weld 3/411 Sound. Weld ~ As Welded 
(1) The IS Series was previously reported in Reference 10 
J\) 
\.J1 
TABLE 7 
RESULTS OF FATIGTJE TESTS OF DEFECTIVE TRANSVERSE BUTT WELDED SPECD1ENS 
(AXIAL TENSION) 
Specimen Stress Life Location Thickness 
No" Cycle (Cycles) of of Description of Defect 
(ksi) Failure Material 
z4 o to +50eO 16,500 At Defect 3/4" Lack of Penetration 
Z5 o to +50~0 74,300 At Defect 3/41$ Porosity 
z6 o to +5000 15:;600 At Defect 3/4" Slag Inclusions 
Z7 o to +5000 111,000 At Defect 3/4" Lack of Penetration 
z8 o to +5000 14)300 At Defect 3/4 v9 Lack of Penetration 
Z9 o to +5000 40.9 900 At Defect 3/4 H Lack of Penetrati.on 
Z10 o to +5000 19,000 At Defect 3/411 Porosity 
Z11 o,to +50.,0 21,700 At Defect 3/41s Porosity 
Z12 o to +5000 7 11 900 At Defect 3/4 21 Porosity 
Z13 o to +50,,0 64,200 At Defect 3/4" Slag Inclusions 
z14 o to +5000 82,300 At Defect 3/4!' Slag Inclusions 
Z15 o to +50.0 50:;000 At Defect 3/4H Slag Inclusions 
I\) 
Z19 o to +5000 173,000 At Defect 3/4~i Porosity (unintentional) 0\ 
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